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STUDY OF THE EFFECTS OF THE 
DOPPLER SHIFT ON PERCEI'JED NOISINESS 
By Karl S. Pearsons ,  Ricarda  Bennet t ,  and  Sanford  F ide l1  
Bo l t  Beranek and N e w m a n  I n c .  
SUMMARY 
Subject ive judgments  of the e f f e c t s  of Doppler shifts  
on pe rce ived  no i s ines s  were made by 20 c o l l e g e  s t u d e n t s  i n  
an  anechoic  chamber. The s t i m u l i  heard i n  the tests inc luded  
both  recorded  and  s imulated a i rc raf t  f l y o v e r s .  Computer 
con t ro l l ed  gene ra t ion  o f  the s imula t ed  f lyove r s  permitted 
independen t  va r i a t ion  o f  the  source frequency,  apparent  
a l t i t ude ,   ampl i tude ,   and   Dopp le r   pa t t e rns .  Data c o l l e c t i o n  
was governed by a computer based adapt ive  technique  known 
as - Parameter - Est imat ion  by S e q u e n t i a l   T e s t i n g  - (PEST). 
The major  f ind ing  was tha t  Ef fec t ive  Pe rce ived  No i se  
Level (EPNL) I s  a f a i r l y  a c c u r a t e  p r e d i c t o r  o f  n o i s i n e s s  of 
f lyovers  conta in ing  Doppler  shifts; except  perhaps a t  
a l t i t u d e s  o f  less t h a n  500 fee t ,  f o r  which f l y o v e r s  it 
underes t imates   apparent   no is iness .   Compensa t ion   for  the 
rise time of the s t i m u l i  ( a n  o n s e t  c o r r e c t i o n )  did no t  
improve the accuracy of p r e d i c t i o n  p r o v i d e d  by E f f e c t i v e  
Perceived  Noise  Level.  The frequency of pure   tone  com- 
p o n e n t s  i n  the s t i m u l i  d i d  n o t  i n f l u e n c e  t h e  s u b j e c t s '  
judgments . 
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INTRODUCTION 
Previous  s tud ies  of  the n o i s i n e s s  o f  a i rcraf t  f l y o v e r s  
have  inves t iga t ed  the e f f e c t s  o f  s p e c t r a l  s h a p e ,  d u r a t i o n ,  
modu la t ion  and  mul t ip l e  t ones .  In  these p r i o r  s t u d i e s  the 
test  s t i m u l i  were s y s t e m a t i c a l l y  v a r i e d  a l o n g  a s i n g l e  
dimension so tha t  t h e  effects of these parameters could be 
s t u d i e d  I n  a n  o r d e r l y  f a s h i o n .  R e c e n t  work  by Ollerhead 
a t  t h e  Wyle Labora to r i e s  (Ref.1) and  Nixon,  von Gierke, 
and Rosinger (Ref .2) at  Wright-Pat terson A i r  Force Base 
have suggested tha t  Doppler s h i f t  and/or t h e  re la ted tem- 
p o r a l  p a t t e r n  o f  a n  a i r c r a f t  f l y o v e r  may i n f l u e n c e  t h e  
nois iness   o f  these f l y o v e r s .  However, the conclusions  of  
these two  groups are somewhat c o n t r a d i c t o r y .  Ollerhead's 
data implies that the  presence of  a Doppler s h i f t  i n  an a i r -  
c r a f t  f l y o v e r  i n c r e a s e s  i t s  pe rce ived  no i s ines s  more a t  
low a l t i t u d e s   t h a n  a t  high a l t i t udes .   Conver se ly ,  one 
i n t e r p r e t a t i o n  o f  N i x o n ' s  data r e v e a l s  tha t  t h o s e  a i r c r a f t  
e x h i b i t i n g  a long  onse t  dura t ion  have  a h igher  a l t i t u d e  a n d  
hence produce an i n c r e a s e  i n  t h e  juzged  no i s ines s  o f  the 
f lyover .  
The main purpose of the p r e s e n t  s t u d y  was t o  gather 
more informat ion  on the  judged  no i s ines s  o f  s igna l s  con ta in ing  
the Doppler s h i f t .  Among t h e  t e s t  s t i m u l i  are some w i t h  
t i n e  p r o f i l e s  similar t o  t h o s e  u s e d  by Nixon and some a c t u a l  
record ings  of  f lyovers  similar t o  t h o s e  u s e d  by Ol le rhead .  
A number of  f lyovers  were s imula ted  us ing  a spec ia l  computer  
program that a l l o w e d  s e p a r a t e  c o n t r o l  o f  the important  
s t imulus  parameters .  Thus i n  the first series of tes ts  the  
a l t i t u d e ,  a n d  the  Doppler  and time p a t t e r n s  were independent ly  
v a r i e d .  The second tes t  employed r e a l i s t i c  time and  Doppler 
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patterns but the source frequency and a l t i t u d e  were varied.  
The r e s u l t s  of these t e s t s  are compared with the conclusions 
of previous data and are analyzed in terms of a variety of 
procedures designed t o  p r e d i c t  the apparent no i s iness  of 
the f lyovers . 
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L 
PREVIOUS RESEARCH 
Nixon, i n  his s tudy  a t  Wright-Pat terson AFB, l n v e s t l -  
gated the  psychological  response judgments  of annoyance t o  
"approaching"  and  "receding"  sounds.  H i s  data suppor ted  
the hypothes is  that  a con t inuous  Inc rease  in  no i se  f r equency  
a n d  i n t e n s i t y  as the  a i rcraf t  appears t o  approach the  
observer  creates anxiety thus magnifying the  annoyance o r  
ob jec t ionab leness   o f  the n o i s e .  The s t i m u l i  employed were 
mainly pure tones a t  125, 1000, and 4000 Hz s lowly  vary ing  
monotonically i n  frequency by p l u s  o r  minus one-half an 
o c t a v e   i n  15 seconds.  Also ,  the  i n t e n s i t y   o f  t h e  tones  
was va r i ed  ove r  a range of 30 dB i n  a p p r o x i m a t e l y  15 sec-  
onds. The t e m p o r a l  p a t t e r n s  o f  t h e  two p r i n c i p a l  s t i m u l i  
Nixon  used are  i l l u s t r a t e d  i n  F i g u r e  1. It m i g h t  be  noted 
t ha t  t h e  p a t t e r n  of  f r e q u e n c y  v a r i a t i o n  i s  similar t o  t h a t  of 
ampli tude  var ia t ion.   Those  sounds which i n c r e a s e  s lowly  
t o  a peak  and  then  tu rn  o f f  r e l a t ive ly  qu ick ly  Nixon  de f ines  
as "approaching", and those w i t h  sharp  onset  and gradual 
d e c l i n e  are termed " reced ing"   f l yove r s .   D i f f e ren t  com- 
b i n a t i o n s  of increasing and/or  decreasing frequency and 
i n t e n s i t y ,  a l o n g  w i t h  a d d i t i o n a l  t e m p o r a l  p a t t e r n s  were 
u s e d  f o r  h i s  s tudy .  The r e s u l t s  s u g g e s t e d  that "approaching" 
sounds were judged more annoying than "receding" sounds 
regardless of whether the tone frequency was i n c r e a s i n g  
o r   d e c r e a s i n g   d u r i n g  t h e  s t i m u l u s  p r e s e n t a t i o n .  The approx- 
imate magnitude of t h e  d i f f e r e n c e  was 5 dB. That  i s ,  the  
maximum l e v e l  of the "approaching"  s igna l  had t o  be s e t  
5 dB less than  t h e  l e v e l  of the " r e c e d i n g "  s i g n a l  i n  o r d e r  
t o  be judged equal ly  annoying.  
K r y t e r ,  c i t i ng  Nixon ' s  data (Ref . 3 ) ,  sugges t s  that  an 
o n s e t  c o r r e c t i o n  be a p p l i e d  t o  t h e  EPNL of sounds i n  accordance 
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w i t h  t h e  f u n c t i o n  shown below: 
f o r  T 5 3.5 sec.  
Onse t  co r rec t ion  = { 10 l o g  (a) for3 .5  < T < 35 s e c .  
I10 f o r  T 1. 35 sec. 
The o n s e t  c o r r e c t i o n  i s  based on the amount of time the  
sound takes t o  r e a c h  a peak from a l e v e l  15 dB below the 
maximum l e v e l .   K r y t e r   m e n t i o n s   o t h e r   d e f i n i t i o n s   f o r  
onse t  time i n  h i s  o r i g i n a l  r e p o r t ,  h o w e v e r ,  the  one stated 
above w i l l  be  used i n  t h e  a n a l y s i s  o f  the data f o r  t h i s  
s tudy .  
The tests conducted by Ollerhead a t  Wyle Labora tor ies  
demonstrated that  judgments of noisiness based on a c t u a l  
r e c o r d i n g s  o f  a i r c r a f t  f l y o v e r s  appear t o  r e q u i r e  a Doppler 
c o r r e c t i o n .  H e  sugges ted  t h e  fol lowing  formula:  
Doppler  cor rec t ion  = 5 log  ( alti2;; f e e t  
This c o r r e c t i o n  u s e s  t h e  a l t i t u d e  o f  a n  a i r c r a f t  a n d  h e n c e  
relates i n d i r e c t l y  t o  the du ra t ion  o f  the aircraft  no i se .  
I n  e s s e n c e  the  Doppler s h i f t  c o r r e c t i o n  is an  a t t enua ted  
d u r a t i o n  c o r r e c t i o n  (1 .5  dB/doubling rather than  3 dB/ 
doubl ing) .  
I n  Ollerhead's t e s t  o f  r eco rd ings  o f  ac tua l  f l yove r s ,  
the  EPNL measure which Incorporates a 3 dB/doubling duration 
c o r r e c t i o n ,  d i d  no t  p red ic t  t h e  r e s u l t s  as well as the 
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Doppler   cor rec t ion .  For t h e   s i m u l a t e d   f l y o v e r s ,  which 
contained no Doppler s h i f t ,  the  data appeared t o  r e q u i r e  
a f u l l  3 dB/doubl ing   dura t ion   cor rec t ion .  Thus Ollerhead's 
r e s u l t s  might be i n t e r p r e t e d  as i n d i c a t i n g  the n e c e s s i t y  
f o r  a d i f f e r e n t  d u r a t i o n  c o r r e c t i o n  f o r  flyovers con ta in ing  
a Doppler s h i f t .  
The fo l lowing  sec t ions  p re sen t  t he  r e s u l t s  o f  two 
experiments designed t o  explore  var ious  parameters of 
s imula ted   Doppler   f lyovers .   Al t i tude ,   dura t ion ,   t empora l  
and  Doppler   pat terns  are independent ly  varied. The r e s u l t s  
are compared w i t h  the onset  and Doppler  correct ions as wel l  
as t h e  s t a n d a r d  d u r a t i o n  c o r r e c t i o n s .  
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TEST DESCRIPTION 
S t imul i  P repa ra t ion  
Cons iderable  care  was t aken  t o  try t o  r e a l i s t i c a l l y  
s i m u l a t e  t he  noise  produced by a i r c ra f t   f l yove r s .   Indepen-  
dent computer  control  o f  the  Doppler  pat tern,  ampli tude of  
t h e  noise  and the ampli tude of  the pure tone components 
a l lowed prec ise  manipula t ion  of  the impor tan t  acous t ic  
parameters and in su red  an  accu ra t e  s imula t ion  o f  va r ious  
rea l  f l y o v e r  p a t t e r n s .  I n  a d d i t i o n  the  con t ro l   a l l owed  
t h e  s imula t ion  of va r ious  f lyove r s  i n  wh ich  one  o r  ano the r  
of  t h e  elements was u n r e a l i s t i c .  
The equ ipmen t  u t i l i zed  fo r  p repa r ing  t h e  t e s t  samples 
i n  the judgment experiments i s  i n d i c a t e d  by t h e  block 
diagram i n  F i g u r e  2 .  The s t i m u l i  were g e n e r a t e d  i n  three 
phases as sugges ted  by parts  [a], [b],  and  [c]. Par t  [a] 
shows t h a t  apparatus  used t o  genera te  t h e  Doppler s h i f t .  
F i r s t ,  two tones  were recorded on channel one and a shaped 
band of no i se  was recorded  on channel  two. Th i s  tape was 
then played back on tape recorder #1 whose playback speed 
was c o n t r o l l e d  by t h e  d i g i t a l  computer. The computer was 
programmed s o  t ha t  the  frequency change corresponded t o  a 
Doppler s h i f t  produced by a n  a i r c r a f t  a t  a s p e c i f i e d  speed 
and a l t i t u d e ,   s u c h  as shown i n  F i g u r e  3.  P lay ing  the 
o r i g i n a l  t o n e  and no i se  tape on tape r e c o r d e r  #1 and record- 
i n g  i t  a t  the  computer  control led speed on tape recorder #2 
allowed a Doppler s h i f t e d  no i se  t r ack  and  a Doppler s h i f t e d  
t o n e  t r a c k .  T h i s  t a p e  was t h e n  u t i l i z e d  i n  t h e  amplitude 
shaping  appara tus  shown i n  the  [b]  p o r t i o n  o f  F i g u r e  2.  
The d i g i t a l  computer was programmed t o  d i c t a t e  the l eve l s  o f  
t h e  v o l t a g e  c o n t r o l l e d  amplifier i n  the  implementation of 
t he  d i f f e r e n t  t y p e s  of time h i s t o r y  p a t t e r n s .  Here the  
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ampli tude shaping was done on each channel independently 
t o  a l l o w  f o r  d i f f e r e n t  a m p l i t u d e  s h a p i n g  f o r  the tone and 
no i se   po r t ions   o f  t he  s t i m u l u s .  I n  a d d i t i o n ,  t he  n o i s e  
s t imu lus  which was predominantly low frequency, peaked a t  
a d i f f e r e n t  time r e l a t i v e   t o  the time o f  t h e  maximum tone  
amplitude.  T h i s  s imula t ed  the d i r e c t i o n a l   c h a r a c t e r i s t i c s  
a s s o c i a t e d  with t h e  normal  turbofan  engine .  
The f i n a l  p o r t i o n  of the  s t i m u l i  p r e p a r a t i o n  p r o c e s s  
i s  i n d i c a t e d  by part  [c ]   o f   F igure  2. Here the  tone  and 
noise  channels  were mixed t o  p r o v i d e  appropriate t o n e  t o  
n o i s e  r a t i o s .  T h i s  combination was t h e n  low frequency 
modulated by the  v o l t a g e   c o n t r o l l e d  amplif ier .  The low 
f r equency  con t ro l  fo r  t h i s  o p e r a t i o n  was derived from a 
no i se  gene ra to r ,  a t h i r d  octave band f i l t e r  s e t  at  63 Hz, 
and a l i n e a r  t o  l o g  c o n v e r t e r  f o r  smoothing purposes.  
T h i s  modulation was added t o  s i m u l a t e  the normal  f luctua-  
t i o n s  p r e s e n t  i n  a i r c r a f t  f l y o v e r  n o i s e  d u e  t o  atmospheric  
a n d  t u r b u l e n c e  e f f e c t s .  The f ina l   r eco rd ing   p roduced  
a f t e r  t h i s  process  was t h e n  employed i n  the tape car t r idge  
machine described under Stimulus Presentation Equipment i n  
Appendix A .  Also  included i n  Appendix A are details  of 
the equipment employed i n  t h e  sound  ana lys i s .  
Test S t i m u l i  
The t e s t  s t i m u l i  employed i n  the  two tests are g iven  
i n  Tables I and I1 r e s p e c t i v e l y .  F o r  Test I var ious  
Combinations of Doppler shifts and time h i s t o r i e s  were 
employed. The s t i m u l i  were grouped   accord ing   to  the 
va r ious  Doppler P a t t e r n s  (i .e. , " r e a l i s t i c " ,  "approach- 
hover",  e t c .  ) a n d  o r d e r e d  a c c o r d i n g  t o  a l t i t u d e  from the  
lowest t o  t h e  highest .  A l l  samples employed  tone  frequencies 
at about 3000 Hz. I n  contrast, t he  s t i m u l i  1 through 16 
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TABLE I 
STIMULI USED I N  TEST I 
ACTUAL 
RECORDINGS3 
D o p p l e r  
Rea l i s t i c  
Approach-Hover 
Hover-Recede 
U n r e a l i s t i c  
None 
Real - l i fe  
D o p p l e r  
Pa t t e rn  
L 
I 
I\- 
1 
i 
h 
Iv 
I/ 
I- I 
L 
1 
T i  me A l t i t u d e  
P a t t e r n  ( I n  f e e t )  
A 250 
I 400 800 2000 
f 2 5 0  
1 800 2 0 0 0  
7 2 5 0  
800 
20 00 
A 8 0 0  
f 800 
A 250 
80 0 I 2000 
A 500 
1 6 0 0  1850 
S t i m u l i ’  
Numb e r 
1 
4 
5 (STD) 
10 
2 
6 
11 
3 
7 
12  
8 
9 
1 3  
14 
15 
16 
1 7  
18 
1. As d e s i g n a t e d   i n   T a b l e  B-I of  Appendix B. 
2 .   S i m u l a t e d   v e l o c i t y  of s t i m u l i   1 - 1 2  i s  200  mph. 
3 .  R e c o r d e d   f l y o v e r s  a t  e s t i m a t e d   a l t i t u d e s .  
N o t e :   S t i m u l i  1-15 c o n t a i n  3000 and  3300 Hz t o n e s .  
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S t i m u l i  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10  (STD) 
11 
12 
1 3  
14 
15 
16 
17 
1 8  
19 
20 
A l t i t u d e  T o n e   F r e q u e n c y   D o p p l e r l  
( i n  f e e t )  f2 P a t t e r n  
250 NONE I ‘ L  
T i  me 
P a t t e r n  
A 
250 
250 
250 
250 
800 
80 0 
800 
800 
80 0 
2000 
2000 
2000 
2000 
2000 
500 
100 10 7 
300 330 
1 0 0 0  1070  
3000 3300 
NONE 
100 10 7 
300 330 
1000  1070  
3000 3300 
NONE 
100 10 7 
300 330 
1000 1070 
3000 3300 
“” 
Octave   Band  
”- ( 1000) I/ 
-” 1000 I/ 
”- (1000) I\ 
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1. S i m u l a t e d   v e l o c i t y  of s t i m u l i  1-15 is 200 mph. 
2. R e c o r d e d   f l g o v e r  a t  e s t i m a t e d  a l t i t u d e .  
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f o r  T e s t  I1 have the " r e a l i s t i c "  D o p p l e r  s h i f t  p a t t e r n  a l o n g  
wi th  v a r y i n g  a l t i t u d e s  and  tone  f requencies .   For  the  
s t i m u l i  17 through 20 which were s imula ted  t o  resemble the 
ones employed by Nixon, the tone and amplitude are uncor- 
related.  A one-third  octave  band  analysis  of the  s t i m u l i  
i s  p r e s e n t e d  i n  Appendix B. 
Sub jec t s  
Twenty-two c o l l e g e  s t u d e n t s  were used as s u b j e c t s  
f o r  Test I and twenty subjects were employed i n  Test 11. 
A l l  s u b j e c t s  were s c r e e n e d  t o  w i t h i n  15 dB of t he  proposed 
IS0 s t a n d a r d   t h r e s h o l d  ( R e f . 4 ) .  The t o t a l  g roup   cons is ted  
of approximately an equal  number of males and females 
r a n g i n g  i n  age from 17 t o  27 years, w i t h  a median age of 
2 1  years. F i f t e e n  s u b j e c t s  p a r t i c i p a t e d  i n  b o t h  t e s t  
se r ies .  
Procedure 
The judgment tes ts  were conducted i n  an anechoic cham- 
ber 8 '  x 10' x 7 1 / 2 '  h igh .  The t e s t i n g  method  employed for 
this  s tudy  was a modified form of t h e  paired comparison 
tes t ing  procedure.   Recent   developments   in   methodology  have 
produced  severa l  improved  adapt ive  tes t ing  procedures ,  one  
of  which i s  c a l l e d  Parameter Es t imat ion  by S e q u e n t i a l  T e s t i n g  
(PEST) (Ref.5).  T h i s  method, adapted f o r  use a t  Bolt  Beranek 
and Newman Inc .  i s  d e s c r i b e d  i n  d e t a i l  i n  Appendix C .  The 
method u t i l i zed  an  on- l ine  computer  as shown i n  F i g u r e  4 t o  
s e l e c t  " s t a n d a r d "  a n d  " c o m p a r i s o n "  s t i m u l i  i t e r a t i v e l y .  
The sub jec t  dec ides  which of t h e  two is no i s i e r  ( comple t e  
s u b j e c t  i n s t r u c t i o n s  are p r e s e n t e d  i n  Appendix D ) .  The 
computer records the sub jec t ' s  r e sponse  and  ad jus t s  t h e  
l e v e l  of t h e  comparison stimulus i n  a d i r e c t i o n  c o n t i n g e n t  
upon t h e  r e s p o n s e ,  i n  o r d e r  t o  make the  sounds more equa l ly  
" 
1 1  
noisy  on the  next  t r i a l .  Order effects Eire au tomat i ca l ly  
averaged by randomizat ion of t h e  order of p r e s e n t a t i o n  of 
t h e  s t anda rd  and  comparison  signals.  Th i s  technique  i s  
repeated u n t i l  the  subjec t ' s  answers  converge  on a prescribed 
l e v e l  of performance. 
Analysis  
Upon t h e  completion of a series of judgments f o r  each 
s u b j e c t  the  computer  pr in ts  ou t  the r e l a t i v e  l e v e l s  of 
three measures f o r  the comparison  s ignal .  These l e v e l s  
are those  a t  which the sub jec t  j udged  the comparison and 
s t a n d a r d  s t i m u l i  t o  be equal ly   noisy.   Averaging the l e v e l s  
a c r o s s  a l l  s u b j e c t s  f o r  each s t imulus  provides  tha t  l e v e l  
for which t h e  group judged t h e  comparison t o  be e q u a l  t o  
t h e  s t anda rd .  Th i s  i s  the dependent variable used i n  
r e p o r t i n g  the r e s u l t s .  The average test  r e s u l t s  f o r  
each s t imu lus  are g i v e n  i n  terms of various measures i n  
Appendix E .  
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RESULTS 
Test I 
The r e s u l t s  o f  Test I are p l o t t e d  as a f u n c t i o n  of 
a l t i t u d e  as shown i n  F i g u r e  5. Here the s t a n d a r d  level  i s  
r e p r e s e n t e d  by a heavy h o r i z o n t a l  l i n e .  The measure em- 
ployed i n  t h e  t o p  p o r t i o n  of the f i g u r e  i s  tone  co r rec t ed  
PNL (PNLT). The t o n e  c o r r e c t i o n  employed f o r  t h i s  measure 
is  t h a t  sugges ted  by the FAA ( R e f . 6 ) .  I n  g e n e r a l  as the  
a l t i t u d e  i n c r e a s e s  the l e v e l  of the  sounds which were judged 
e q u a l  t o  t h e  s t a n d a r d  decreases. This I s  t o  be expected 
s i n c e  the  d u r a t i o n  of the sound  a l so  inc reases  w i t h  the 
a l t i t u d e .  R e s u l t s  of the data which i n c o r p o r a t e s  a d u r a t i o n  
co r rec t ion  such  as Effec t ive  Perce ived  Noise  Level  (EPNL) 
(Ref.6) are p l o t t e d  i n  the lower  por t ion  of  F igure  5. 
Notice that  the measurements appear t o  be i n  be t t e r  agree- 
ment w i t h  the  s t a n d a r d  ( t h e y  l i e  c l o s e r  t o  the  s t anda rd  
l e v e l ) .  However, there does appear t o  b e  more sca t te r  a t  
t h e  250 f o o t  a l t i t u d e .  
I n  r e f e r e n c e  t o  t h e  s t i m u l i  t h a t  con ta in  Doppler pat- 
t e r n s  related t o  Nixon's "approach" and "receding" stimuli ,  
it appears t h a t  the "approach-hover" flyovers were judged 
n o i s i e r  t h a n  the  "hover-receding" f lyovers  even i f  both  
have the  same EPNL va lue .  T h i s  i s  t r u e  f o r  t h e  250 and 
800 feet  a l t i t u d e s .  A t  t h e  2000 feet  a l t i t u d e   t h e y  are 
p r a c t i c a l l y   i d e n t i c a l .   T h u s ,  the  r e s u l t s  a t  least  a t  the  
low a l t i t u d e s  are c o n s i s t e n t  i n  d i r e c t i o n  b u t  n o t  m a g n i t u d e  
wi th  Nixon's   f indings.  It should be noted that even  though 
t h e  "approaching-hover"  f lyovers  were j u d g e d  t o  be n o i s i e r  
t h a n  t h e  "hover-recede" the EPNL measure does a reasonable  
job  of p r e d i c t i n g  their  n o i s i n e s s  r e l a t i v e  t o  the s t anda rd  
s t  imulus . 
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Test I1 
The r e s u l t s  o f  Test I1 are p l o t t e d  i n  F i g u r e  6.  On 
t h e  t o p  part o f  F igu re  6 t he  r e s u l t s  u s i n g  PNLT as a measure 
are p l o t t e d .  The r e s u l t s  a t  t h e  v a r i o u s  a l t i t u d e s  seem t o  
c l u s t e r  q u i t e  wel l  i n d i c a t i n g  tha t  there i s  no unusual 
effect  due t o  t h e  d i f f e r e n t  f r e q u e n c i e s  o f  t he  pure  tones  
employed i n  t h e  s imula t ed   f l yove r s .  Also,  on the  graph 
i s  a p o r t i o n  o f  t h e  r e s u l t s  o f  Test I which are i n d i c a t e d  
by  the closed  symbols.  The agreement  between the two tests 
was q u i t e  good ( w i t h i n  1 .5  d B ) .  I n  gene ra l ,  PNLT appears 
t o  p r e d i c t  t he  data a t  250 and 800 fee t  but  underest imates  
t h e  n o i s i n e s s  a t  500 and 2000 fee t .  If a d u r a t i o n   c o r r e c t i o n  
i s  added as shown by EPNL i n  t he  lower  pa r t  o f  F igu re  6 ,  i t  
i s  seen  tha t  t h i s  d u r a t i o n  c o r r e c t i o n  t e n d s  t o  o v e r  com- 
p e n s a t e   f o r  t h e  r e s u l t s  a t  250 fee t .  Thus, a t  t h i s  a l t i t u d e  
EPNL underest imates  the  n o i s i n e s s   o f  the  s t i m u l i .  The 
recorded  a i rcraf t  f l y o v e r  a t  a n  a l t i t u d e  o f  500 fee t  i s  
a l so  unde res t ima ted .  
The last  f o u r  s t i m u l i  o f  Table I1 c l o s e l y  resemble t h o s e  
used i n  Nixon's   s tudy.  The r e s u l t s  f o r  these s t i m u l i  are 
p r e s e n t e d  i n  F i g u r e  7.  The heavy h o r i z o n t a l  l i n e  r e p r e s e n t s  
t h e  l e v e l  of t h e  s tandard   s t imulus .   Thus ,  a p o i n t  p l o t t e d  
a t  -5 dB i n d i c a t e s  that  that s t imu lus  was 5 dB less than  t h e  
s t a n d a r d  a t  judged  equa l  no i s ines s  acco rd ing  to  t h e  measure 
i n d i c a t e d  on t h e  a b s c i s s a .  As stated ea r l i e r ,  Nixon  found 
t h a t  sounds w i t h  a gradual  onse t  were j u d g e d  t o  be n o i s i e r  
t han  those  w i t h  a fast  onset  and a slow  decay. The 
r e s u l t s   p l o t t e d   f o r  PNLT, EPNL, and EPNLOeC ( w i t h  
onse t  co r rec t ion )  fo r  Test I1 do not show apprec iab le  
d i f fe rences  be tween t h e  slow rise and slow decay  s t imul i .  
However, a l l  measures underestimated the  n o i s i n e s s  of these 
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samples by  about 8 dB.  It is  not   ev ident  as t o  why these 
measures should f a l l  t o  p r e d i c t  t he  n o i s i n e s s  of these 
s t i m u l i .   S e v e r a l   a l t e r n a t i v e s  are p l a u s i b l e .   F i r s t ,  
these s t i m u l i  u n l i k e  a l l  o t h e r s  employed i n  the t e s t ,  and 
p a r t i c u l a r l y  the s t anda rd ,  are re la t ive ly  nar row band.  
Even t h e  p u r e  t o n e  c o r r e c t i o n  was designed t o  work w i t h  
spectra con ta in ing  l i nes  i n  the presence  of a broadband 
background.  Another  explanation  could b e  a t t r i b u t e d  t o  
t h e  c o n t e x t  e f f e c t  s i n c e  a l m o s t  a l l  of  t h e  o t h e r  s t i m u l i  
employed I n  t h i s  t es t  had " r e a l i s t i c "  time and  Doppler 
p a t t e r n s .  And e s s e n t i a l l y  there was n o  d i f f e r e n c e  (+1 d B )  
between the  " r e a l i s t i c "  a n d  o t h e r  s i m u l a t e d  Doppler s h i f t e d  
s t i m u l i  i n  T e s t  I .  T h i s  a spec t  of t he  r e s u l t s  c a n n o t  be 
d i r e c t l y  compared w i t h  Nixon's  s ince a l l  h i s  measurements 
involved comparisons within this  se t  of s t i m u l i .  
Further  Analyses  of  Data 
I n  the  remain ing  d iscuss ion  of t he  r e s u l t s  a comparison 
O f  c e r t a i n  parts of t h e  data w i l l  be made wi th  some of the  
conclus ions  and  cor rec t ion  formulas  susges ted  by previous  
res ear ch . 
I n  Test I there  were three  s t i m u l i  t ha t  had no Doppler 
s h i f t .  L e t  us compare these three s t i m u l i  t o  those similar 
i n  a l l  o the r  respec ts  and  conta in ing  a Doppler s h i f t .  
There are a c t u a l l y  two  such sets - one  from Test I and 
t h e  o t h e r  from Test  11. The top  par t  of  F igure  8 shows 
t h i s  comparison i n  terms of PNLT. The s t i m u l i  w i t h o u t  a 
Doppler s h i f t  show a more pronounced effect  of a l t i t u d e  
t h a n  f o r  t h o s e  c o n t a i n i n g  a Doppler s h i f t .  S i n c e  a l t i t u d e  
is c o r r e l a t e d  wi th  du ra t ion ,  we have i n  e f f ec t  supported 
Ollerhead's c o n c l u s i o n  t h a t  f l y o v e r s  w i t h o u t  a Doppler 
s h i f t  r e q u i r e  more d u r a t i o n  c o r r e c t i o n  t h a n  t h o s e  c o n t a i n i n g  
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a Doppler shif t .  A r e p l o t  of the same data i n  the lower 
p o r t i o n  o f  F i g u r e  8 us ing  EPNL as a measure shows the  same 
t r e n d .  The d u r a t i o n  c o r r e c t i o n  i n c o r p o r a t e d  in EPNL, 
however, has done a r easonab le  job  of c o r r e c t i n g  both sets 
o f  s t i m u l i .  
L e t  us now apply Ollerhead's Doppler  cor rec t ion  t o  
all the  "real is t ic"  D o p p l e r  p a t t e r n  s t i m u l i  b o t h  s i m u l a t e d  
and r ea l  l i f e  f o r  t h e  two tes ts ;  and use the  s imple  du ra t ion  
c o r r e c t i o n  on the  r e s u l t s  of t h e  s t i m u l i  w i t h  no Doppler 
s h i f t .  The upper   por t ion   o f   F igure  9 shows tha t  t h i s  
c o r r e c t i o n  (PNLTR) does indeed appear t o  b r ing  the tone  
co r rec t ed  pe rce ived  no i se  l eve l  more i n t o  l i n e  w i t h  t h e  
judgment r e s u l t s .  T h i s  e f f e c t  a p p e a r s  t o  be t r u e  r e g a r d l e s s  
of whether a tone  i s  p r e s e n t  o r  n o t  i n  the  Doppler s h i f t e d  
s t i r n u l l .  T h i s  i s  n o t e d  f o r  t h e  data r ep resen ted  by the  
open t r i a n g l e  (D> which does not appear t o  d i f f e r  g r e a t l y  
from t h e  o t h e r  p o i n t s  on t h i s  f i g u r e .  
If the d u r a t i o n  of a n  a i r c r a f t  f l y o v e r  is p r o p o r t i o n a l  
t o  i ts  a l t i t u d e ,  t h e n  t h e  Doppler correction amounts t o  a 
c o r r e c t i o n  of d u r a t i o n  a t  the ra te  o f  1 .5  dB/doubling. 
The r e s u l t s  of apply ing  t h i s  mod i f i ed  du ra t ion  co r rec t ion  
(PNLT 5,D) are shown i n  t h e  lower  pa r t  o f  F igu re  9 .  As 
can be seen  either measurement scheme provides f a i r l y  good 
p r e d i c t i o n s  of  the data.  
A less s u c c e s s f u l  c o r r e c t i o n  is t h e  o n s e t  c o r r e c t i o n  
suggested by Kryter. F igure  1 0  shows t h e  r e s u l t s  u s i n g  a n  
onse t  co r rec t ion  (EPNLOeC ) applied t o  a l l  " r e a l i s t i c "  
Doppler  pa t te rn  s t imul i  bo th  s imula ted  and  r ea l  l i f e .  It  
i s  c l e a r  tha t  the  onse t  oor rec t ion  does  not  p red ic t  the 
data very wel l .  N a t u r a l l y ,  s i n c e  the  s t a n d a r d  i s  a t  800 
feet ,  the e f f e c t i v e  onset c o r r e c t i o n  f o r  t h i s  a l t i t u d e  is  
near ly   zero .  
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F i n a l l y  l e t  us cons ider  the  "realis t i c "  f lyovers   o f  
F igure  10 i n  terms of two popular  measures of n o i s i n e s s .  
F igure  11 r e p r e s e n t s  a n  a n a l y s i s  o f  the  data i n  terms of 
EPNL. T h i s  measure appears t o  p r e d i c t  t he  data f a i r l y  
well; the major  discrepency being those f lyovers  wi th  an 
a p p a r e n t  a l t i t u d e  of 250 feet .  Here EPNL somewhat under- 
estimates the  n o i s i n e s s  of the f l y o v e r s .  
F igure  1 2  shows a similar ana lys i s   fo r   A- l eve l .  This 
measure a l s o  is f a i r l y  s u c c e s s f u l  i n  p r e d i c t i n g  t h e  data. 
The n o t i c e a b l e  d i f f e r e n c e  a g a i n  b e i n g  a t  the 250 feet  
a l t i t u d e  where AL overes t imates  the  no i s ines s  o f  t h e  
f lyovers  . 
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CONCLUSIONS 
An analyses  of the r e s u l t s  o f  t he  tests conducted i n  
t h i s  s tudy  Ind ica t ed  that :  
1) Effect ive  Perceived  Noise Level provides  a 
fairly a c c u r a t e  P r e d i c t o r  of the n o i s i n e s s  o f  airplane 
flyovers c o n t a i n i n c  Doppler sh i f t  except  perhaps f o r  f l y -  
overs  a t  500 fee t  o r  less (nominal  ve loc i ty  200 mph) where 
it  somewhat underest imates  the a p p a r e n t  n o i s i n e s s .  
2 )  An o n s e t  c o r r e c t i o n  which sugges t s  tha t  sounds 
wi th  a long onse t  du ra t ion  are n o i s i e r  t h a n  t h o s e  
wi th  a s h o r t  o n s e t  d u r a t i o n  d o e s  n o t  a p p e a r  t o  be 
a p p l i c a b l e  f o r  the s t i m u l i  employed i n  t h i s  s t u d y .  
I n  p a r t i c u l a r ,  t h e  onset  correct ion does not  Improve 
the  r e s u l t s  provided by Ef fec t ive  Pe rce ived  No i se  
Level.  
3 )  The frequency of the  source  tones  does  not  appear 
t o  i n f l u e n c e  t h e  judgment r e s u l t s  f o r  t h e  Doppler 
s h i f t  p a t t e r n s  tes ted .  
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APPENDIX A 
PLAYBACK AND ANALYSIS EQUIPMENT 
PLAYBACK AND ANALYSIS EQUIPMENT 
I n  o r d e r  t o  p e r f o r m  t h e  types  of judgment tests r e f e r r e d  
t o   I n  t h i s  r e p o r t ,  different equipment systems were employed 
In the va r ious  phases  o f  p repa ra t ion  and  ana lys i s .  Two 
d iv i s ions  o f  the  equipment  systems are I) Stimulus Play- 
back Equipment  and 11) Sound  Analyses  Equipment.  Equipment 
u s e d  i n  the p r e p a r a t i o n  of the s t i m u l i  was d i s c u s s e d  i n  the  
body of t h i s  r e p o r t .  
Stimulus Playback Equipment 
The stimulus playback equipment employed for th is  t e s t  
is  I n d i c a t e d  by a block diagram i n  F i g u r e  A - 1 .  The m u l t i p l e  
c a r t r i d g e  tape r e c o r d e r  s u p p l i e d  the sound  s t imu l i  fo r  the 
t e s t .  Each c a r t r i d g e  has two channels,   one w i t h  the s i g n a l  
on i t  and t h e  o t h e r  w i t h  cue-tones which are used t o  c o n t r o l  
a n  e l e c t r o n i c  s w i t c h  t o  p r e v e n t  o b j e c t i o n a b l e  t a p e  hiss 
between  sound  samples. I n   a d d i t i o n ,  the  cue-tones are 
u t i l i z e d  t o  s t o p  t h e  c a r t r i d g e s  a n d  t o  i n d i c a t e  t o  the  
computer when t o  s e l e c t  a n o t h e r  c a r t r i d g e  o r  a w a i t  the  
s u b j e c t ' s   r e s p o n s e .  The r ise-decay time of the  e l e c t r o n i c  
swi tch  i s  250 m i l l i s e c o n d s  t o  p r e v e n t  any u n d e s i r a b l e  c l i c k  
i n  t h e  s i g n a l .  The s u b j e c t  r e s p o n s e  b o x  i n  t h e  anechoic 
chamber a l lows the sub jec t  t o  choose  wh ich  of t h e  two sounds 
he thought was the more annoying. Th i s  response i s  s t o r e d  
i n  the computer for use i n  d e t e r m i n i n g  the l e v e l  o f  t h e  
next   comparison  s ignal .  The computer  then  randomly  selects 
ano the r  pa i r  of sounds t o  p r e s e n t  t o  t he  s u b j e c t .  The 
loudspeaker i n  t he  chamber i s  p l a c e d  i n  f r o n t  o f  the  s u b j e c t  
while  t h e  t es t  s t i m u l i  are p resen ted .  
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Sound Analysis Equipment 
As i n d i c a t e d  i n  the block diagram i n  F i g u r e  A-2, a 
s t i m u l u s  a n a l y s i s  was performed i n  two p a r t s ;  f irst ,  the  
s i g n a l  was recorded  while  being played back i n  the  anechoic  
chamber;  and  second, t h i s  t a p e  was analyzed using the sound 
spec t rum analyzer  ' In  conjunct ion  with a d i g i t a l  computer. 
The microphone used f o r  measurement i n  the chamber was a 
one-half  Inch  condenser  microphone. This  microphone was 
placed approximately where the s u b j e c t ' s  ear normally would 
be l o c a t e d  i n  the chamber.  However, a l l  measurements were 
performed  without any s u b j e c t s  in the  chamber. Sweep 
frequency tones were placed on t h e  t a p e  t o  measure the 
frequency  responses  of t h e  record ing   sys tem.  To accoun t   fo r  
t h e  f requency  response ,  one- th i rd  oc tave  band cor rec t ions  
were app l i ed  by the computer during the  f i n a l  a n a l y s i s  of t h e  
data. The s i g n a l s  on the tape were then  played back through 
the spectrum analyzer and t h e  band sound pressure levels  
read by the  d i g i t a l  computer which i n  t u r n  g e n e r a t e d  a 
permanent paper tape r e c o r d  of each s i g n a l .  The paper tape 
which contained a one-third octave band analyses  made every 
one-half second of t h e  s t i m u l u s  d u r a t i o n  was read b a c k  i n t o  
t h e  computer. From t h i s  in format ion  the  computer  determined 
pe rce ived  no i se  l eve l  measu res  fo r  each  o f  these one-half 
s econd  in t e rva l s  and  the e f f e c t i v e  p e r c e i v e d  n o i s e  l e v e l  of 
t h e  t o t a l  s t i m u l u s .  These were the  primary  measures  employed 
i n  the analyses  of  the s u b j e c t i v e  data. 
21 
I 
I """ -I "-" n Subject's Response Switch 
Level I "" "" 1 
PDP-8 
Computer 
4 1  
4 
I 
A 
> I I 
Tape 
Cartridge 
Recorder 
- 
Voltmeter I CH .B I!-"""" I I 
- 
I 
 I 
I 
I I """"-" 
Electronic Switch Control Signals I I 
Anechoic  Chamber 
F IGURE A - 1 .  B L O C K  D I A G R A M  OF P L A Y B A C K  SYSTEM FOR JUDGMENT T E S T S  
hJ 
W 
r- 
I 
I 1/2 
"""- 1 
I 
I Tape Recorder Sound Level  Meter 
A 
Inch Condenser Microphone I 
and Cathode  Follower I 
I 
L """" J 
I Anechoic  Chamber 
Real - Time 
Tape Recorder Digital Computer Spectrum Anolyzer , 
- 
FIGURE A - 2 .  B L O C K  D I A G R A M  OF S T I M U L U S  A N A L Y S I S  E Q U I P M E N T  FOR JUDGMENT T E S T S .  

. 
APPENDIX B 
ONE-THIRD  OCTAVE  BAND LEVELS OF 
STIMULI U S E D   I N   J U D G M E N T  TESTS 
:amp. (in r e e t ~  
A l t i t u d e  
1 25? 
2 2 E O  
3 LFI 
4 400  
5   000 
6 830 
7   000 
0   0co  
9   000 
1 0  2000 
11 2000 
12   2000  
1 3  250 
14 000 
15  2000 
16   500  
17   600  
18 1 0 5 0  
STD. 000 
ThBLE 3-1 
ST:klULI FOR TEST I 
V F f S U E C D  AT 10 6 6  BELOW MAXIMU'I L E V E L S  
Sound Pressure L e v e l  I n  dB ?e 0 . 0 0 0 2  d y d s q .  cm. 
O w - T h l r d  O c t a v e  Eand Centel Frequency, Hz. 
'4Z:L 50 € 3  -3  100   125 160 209 >50  115 1119 530 6 3 0  800 1000 1 2 5 0   1 6 0 0  2000 2500 3150 4000 5000 6300  8000 10000 
7 3 . 0  5 6 . 5   6 8 . 0   7 3 . 0 40.5  3 6 . 0  8 3 . 5  84.0 e4.0 81.0 7 9 . ;   7 7 . 0  711.5 71 .5   71 .5   69 .5   67 .5   65 .5   2 .0 76 .5   72 .0  511.5 52.0 119.5 90.0 
35.q i l . 5  6i.C ?'.'I 1'1.5 R g . 5  47.0 P . 5  ? i . n  0 5 . 5  92.1 92.3  1 8 . 5  T ' j . 5  7',.5 74.: 7 2 . 0   1 0 . 0   7 4 . 0  ?:.5 7 7 . 5   6 1 . 0   6 0 . 0 5 4 . 5 52.5 
35.,' ':.< 5 7 . 5   7 c . C  8U.O 1 9 . 0  ?'.5 57.0 a 7 . 5  3 5 . 5  C1.: 92.0  7 8 . 5   7 ' . 5   7 5 . C  7 2 .   7 0 . 5   7 5 . 0  81.0 64 .5   h1 .5   61 .0   55 .5   53 .0  
02.0 6 1 . 0   6 9 . 0   7 2 . 0 8 0 . 5 8 5 . 5 83 .0  92.0 3 2 . 0  e 1 . 5   7 1 . 1   7 . 5 7U.O 71 .0   70 .0   68 .5   67 .0   65 .0   72 .   75 .5   68 .   52 .0   49 .5  46.5 42 .5  
04.0 6 1 . 5   7 2 . 5   7 6 . 5   8 2 . 5   8 . 5   8 5 . 5  e 4 . 5   9 4 .  83.0 80.: 7 9 . 5   7 6 . 5   7 3 . 0   1 2 . 5   7 0 . 5   6 9 . 5   6 . 5   7 1 . 5   7 . 5   6 9 . 5   5 5 . 0  5 2 . 5  40.5  46.5 
9 5 . 3  f l . 5  6 5 . 0   1 1 . 5   0 3 . 0   8 9 . C   8 7 . 0   8 6 . 5   9 7 . 5   0 6 . 0   0 2 5   8 1 . 5   7 b . 5  15.:. 1 5 . 5   l b . 5  12.5 7 0 . 0   7 2 . 0   8 3 . 5   7 1 . 0   6 1 . 5   5 9 . 5   5  5 2 . 0  
9 5 . 0   6 7 . 0  7 2 . 0  76 .5   05 .0   91 .0   87 .5  87 .0   R7 .5 86 .5 03 .5   82 .0   72 .5  77.,' 77 .0   75 .5   73 .0   70 .5   74 .5   81 .0  64.0 6 1 . 5   5 9 . 5  55.0 51.0 
05 .0   62 .0   63 .   73 .5  8 2 . 0  8 7 . 5   8 6 . 5  119.0 87.5   86 .0   82 .5   82 .5   79 .0  76.C 75 .5   75 .0   74 .0  69.5 67 .5   77 .5   60 .5   61 .   9 .5   53 .5   47 .5  
9 5 . 0   5 5 . 0   6 6 . 0   7 5 . 5   0 3 . 5   8 9 . 0   8 7 . 5   8 7 . 5   0 7 . 0  46 .3  8 2 . 5  82.0 79.5  76.5  76.0  75.5  73.0  71.0  76.0  81.5 64.0 61.5  50.0  55.5 52.0 
q4.0 60.5  72.   74.5  3 .0 89.5  86 0  RU.5 8P.5 117.0 0 0 . 5   7 9 . 5   1 6 . 7 2 . 5 7 2 . 5 7 1 . 0 6 9 . 0 6 . 0 6 0 . 5 7 2 . 5 60.0 54 .5   51 .5   11 . 43.0 
9 5 . 0   5 6 . 5   6 . 5   7 . 5   8 3 . 0   8 9 . 5   8 6 . 5  9 7 . 9   8 7 . 0   0 6 .   0 3 . 5  82.0 79.0   76 .0   76 .5   75 .0   73 .0   70 5 60 .5   15 .   63 .   61 .0   57 .5   54 .0  4 7 . 5  
94.0   59 .0  71.0 7 5 . 0   0 3 . 0   8 7 . 0 8 6 . 0 5 . 5 0 5 . 5 8 4 . 5 0 1 . 81.0 7 7 . 0   7 4 . 0   7 4 . 0   7 3 . 0   7 1 . 0  69.0 60.0   73 .   61 .5   60 .0   56 .5   53 .5  117.5 
a b . 0  5 7 . 5   6 2 . 5   7 2 . 0 0 . 5 8 6 . 5 8 3 . 84 .u  9 3 . 5   8 2 . 0   7 9 . 0 7 8 . 5 1 5 . 0 7 2 . 5 7 2 . 0 7 1 . 5 6 9 . 5 6 7 . 0 7 0 . 5 7 9 . 5 6 1 . 0 5 0 . 5 5 . 5 5 2 . 0 49.5 
04.0 5P.5 611.0 74.0  01.5  07.5 6 . 5  85 .0   85 .0  8u.0 8 1 . 5   8 0 . 5   7 7 . 0 1 3 . 5 7 . 57 3 . 0 7 0 . 5   6 . 0 6 8 . 5 7 . 5 6 0 . 5 5 0 . 5 5 . 0 5 1 . 5 4 6 . 0
9 5 . 3   5 4 . 5   6 4 . 5 '73.5 01.0  87.5 8 5 . 0  06 .0   05 .5  85.0 0 1 . 5   0 . 5   7 7 . 0 7 4 . 0 7 4 . 07 4 . 0 7 2 6 9 . 0 6 4 . 5 7 1 . 5 6 2 . 0 6 0 . 5 5 . 5 5 3 . 0 4 3 . 5
0 3 . 0  65.0 71.3  71.5  79.5  05.0 81.0 O U . O  83 .5   03 .0   81 .5  81.0 7 7 . 0   7 5 . 0   1 5 . 5 1 7 . 0 7 6 . 5 7 6 . 0 7 8 . 0 80.0 70 .0   74 .   72 .5   60 .5  50 .5  
91.0 55 .0   55 .5   57 .   69 .   74 .   73 .   72 .0   73 .0   70 .5   70 .0   70 .5   67 .0   65 .5   72 .5   76 .0   74 .0   83 .0   07 .0   79 .0   76 .5   76 .0   70 .5   66 .0   55 .0  
03.0 65 .0   66 .5   77 .0 05 .0 09 .5 83 .5 04 . 85 .5 0u .o 01 .0 80 .5 7 . 75 .5 74 . 76 . 16 .5 74 .5 76 .5 03 .5 61 .060 . 60.0 50.0 48.5 
92.0 5 9 . 5   7 0 . 5   7 U . 5   8 0 . 5 8 6 . 5 8 3 . 5   8 2 . 5   e 2 . 5   0 1 . 1 8 . 5   7 7 . 5   1 4 . 5   7 . 0   7 0 . 5   6 8 . 5   6 7 . 5   6 4 . 5  6 9 . 5   7 5 . 5   6 . 5   5 3 . 0   5 0 . 5   4 6 . 5  4 4 . 5  
I 
! 
* A c t u a l  Presentation L e Y e l  
t l r n Y l l  ( i n  f e e t )  
A l t i t u d e  
1 250 
2 250 
3 250 
4 250 
5 250 
6 000 
1 000 
8 000 
9 800 
10 000 
1 1  2000 
12  2000 
13  2000 
1 4  2000 
15  2000 
16  500 
11 
10 
1 9  
20 
_" 
". 
"- 
_" 
STD' 800 
TABLE 8-11 
STIXULI FOR TEST I1 
YEASUSED AT 10  dB BELOW MAXIMUF! LEVELS 
Sound Pre55ure L e v e l  In dB re 0.0002 dyn/lq. cm. 
One-Thlrd Octave  Band  Center  Frequency, Hz.  
OAIPL  50  63  80  100  125  161 230 250  315 400 500 630 800  1000  1250 1600 2000  2500  3150 4000 5000  630   8000 10000 
92.0  60.0 6 8 . 5  111.0 1 9 . 5  85.5 8 5 . 0  23 .0  811.5 82.0 1 9 . 5  7 7 . 5  14 .5  7 1 . 5  7 1 . 0  6 9 . 5  6 0 . 5  6 6 . 5  61 .5  60.0 59.5 58.0 50.5 54.5 41.5 
93 .0  52 .0  6 0 . 5  1 1 . 5  81.0 91.0  1 5 . 5  1 U . 5  711.5 1 2 . 5  1 0 . 0  68.5 65.0 6 2 . 0  61.0 6 0 . 5  59.5 57 .0  5 2 . 5  50.5 50.5 49.5 50.0 41.5 42.0 
9 5 . 0  5 2 . 0  5 Q . 5  6 5 . 0  73.0 7 1 . 5  7 5 . 5  1 7 . 0  89.0 9 1 . 5  85 .0  10 .0  6 6 . 5  6 5 . 0  6 5 . 5  61.0 60.5  5 8 . 0  53.0 51.5 5 1 . 5  50.0 50.5 41.0 42.0 
92.0 5 5 . 5  6 7 . 5  1 2 . 0  1 8 . 0  84 .5  81.0 81.C 81.0 00.0 11.5  1 4 . 5  1 2 . 0  83.5 87 .0  87 .0  1 2 . 0  64 .0  6 0 . 0  60.0 5 8 . 0  54.5 54.5 50.5 44.0 
93.0 57 .0  60 .5  13 .0  80.5 86 .0  8U.n S U 3  0 4 . 0  82.0  80.0 7 1 . 5  1 5 . 5  7 2 . 5  1 2 . 5  1 0 . 5  69.0 6 7 . 5  12 .5  7 0 . 5  15 .0  5T.0 56.5 52.5 49.5 
93.0 61.0 1 0 . 0  7P.5 82 .5  88 .5  86 .0  85 .3  B U . 0  83.0 8 0 . 5  78 .5  75 .5  7 2 . 5  12.0 1 0 . 5  6 9 . 5  68 .0  62 .5  60 .5  60 .5  53.5 50 .0  53.5 46.5 
9 4 . 0  56.5 66.5 7 7 . 5  9 2 . 0  9 2 . 5  83.0 82 .0  62 .0  8 0 . 5  1 7 . 5  7 5 . 5  1 2 . 0  70 .5  69 .0  67 .5  6 7 . 0  6U.5 6 0 . 0  57 .5  51.5 55.0 5 4 . 5  5 1 . 5  44.0 
9 1 . 0  5 0 . 0  6 6 . 0  7 3 . 0  81.0 8 5 . 5  03 .5  82 .5  9 2 . 0  0 6 . 5  86 .0  7 6 . 0  7 2 . 5  1 0 . 5  7 0 . 5  6 1 . 0  66.0 6U.O 5 9 . 0  56.5 55 .5  53.0 52.0 U6.5 P0.5 
93 .0  6 1 . 0  68.5 1 3 . 5  82 .5  88.0 8 5 . 0  8 4 . 0  85.0 83 .5  8 0 . 5  7 8 . 5  15 .5  8 1 . 0  88.0 86.0  69 .5  6 8 . 0  62.5 62 .0  60.0 50.5 50.0 53.5 46.5 
93.0 5 1 . 5  71 .5  7 5 . 0  82.0 88.0 8 5 . 5  8b .0  E3.5 83.0 80.0 19.0 1 6 . 0  7 3 . 5  1 2 . 5  1 0 . 5  6 9 . 5  61.0 7 1 . 5  7 1 . 5  6 9 . 5  55.5 54.5 51.0 49.0 
93.0 5 9 . 5  68.5 7 5 . 0  82 .5  88 .0  86 .5  83 .5  8 4 . 5  03.0 81 .0  7 8 . 0  1 4 . 5  7 2 . 5  7 1 . 5  6 9 . 5  69.0 6 7 . 5  6 1 . 5  59 .5  5 9 . 0  56 .0  53 .5  49.0 41.5 
9 4 . 0  6 2 . 0  70.5 1 7 . 5  9 2 . 0  9 0 . 5  8 6 . 0  85 .0  8 5 . 5  84 .0  82 .0  7 8 . 5  7 6 . 0  1 3 . 0  7 3 . 0  1 1 . 5  1 0 . 5  68 .5  64.0 61.5 61.0 58.0 56.0 52 .5  44.5 
95.0 61.0 1 0 . 5  75 .0  81.5 88.0 85.5  8 b . O  89.5  94 .0  80 .0  1 0 . 0  7 5 . 0  1 2 . 0  71.5 7 0 . 5  69 .5  61 .5  63.0 61.0 60 .5  58.0 56.0 52.0 45.0 
9 3 . 0  61.0 10 .5  1 5 . 5  8 2 . 5  88 .0  86 .0  0U.5 84 .5  03.0 8 0 . 5  7 8 . 5  75 .0  1 5 . 0  8 3 . 5  7 9 . 5  69.5 61 .5  62.5 60 .0  59 .5  51 .0  55.D 51 .5  43.5 
9 4 . 0  6 0 . 5  7 2 . 0  74 .5  83.0 89.5 86 .0  811.5 80.5 83 .0  80 .5  7 9 . 5  16 .0  1 2 . 5  1 2 . 5  7 1 . 0  69.0 66.0 60.5 12 .5  60.0 54.5 51.5 41.5 43.0 
9 3 . 0  6 5 . 0  7 0 . 5  7 1 . 5  80.0 85.5  8U.O 85.0  84.0  03.5  01 .5  82 .0  78 .0  7 6 . 5  7 6 . 5  1 8 . 0  78 .5  7 8 . 5  7 9 . 5  82.0 01.0 10.5  78.5 15 .0  65.0 
91.C 48 .5  50.0 U3.0 42 .5  49 .0  5 0 . 0  51.5 5 U . O  55.0  5 5 . 5  65.0 7 6 . 0  85 .5  86.0 8 6 . 5  81.0 67.0 56.5 5 4 . 5  49 .0  45.0 44.5 42.5 39.5 
95 .3  46.0 5 0 . 0  41 .0  39.5 43 .5  35.0 36.0 36 .5  37.0 35 .5  38 .0  48 .0  7 3 . 5  81.0 9 5 . 5  9 3 . 5  72 .5  51.0 5 3 . 5  62.5 53.0 50 .5  49.0 113.5 
88.2 6 1 . 0  68.5 6 3 . 5  6 3 . 5  6 3 . 5  111.0 U7.5 50 .0  5 1 . 5  59.0 6 3 . 0  1 3 . 5  83 .0  811.5 8 5 . 0  19 .5  65 .5  54.0 52.0 41.5 43.5 43.0 42.0 39.0 
9 0 . 0  U2.5 49 .0  311.0 39.5  4 6 . 0  33.5 35.5 3 B . C  jl.O 35.0  U1.0 52 .0  7 1 . 5  9 1 . 5  7 3 . 5  5 3 . 0  57.5 45.0 55 .5  40 .5  48.0 44.0 45.0 01.0 
9 2 . 0   5 5 . 0   6 . 5   1 3 . 5  80.0 05 .5   83 .5   83 .0   82 .0 80.5 7 8 . 0   7 1 . 0   7 4 . 5   1 1 . 5   1 1 . 0   6 8 . 5   6 . 5   6 5 . 0   6 9 . 5   1 . 0   6 0 . 5   5 4 . 0 5 3 . 0   4 9 . 5 . & 7
. A c t u a l   P r e s e n t a t i o n  Level 
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APPENDIX C 
PEST PROCEDURES EMPLOYED FOR THE JUDGMENT TESTS 
PEST PROCEDURES EMPLOYED FOR THE JUDGMENT TESTS 
The method  used f o r  t h e  subjec t ive  judgment  t e s t s ,  
- Parameter Es t imat ion  by  S e q u e n t i a l   T e s t i n g  (PEST) (Ref .5) ,  
i s  an i t e r a t i v e  p r o c e d u r e  t h a t  a d j u s t s  t he  l e v e l  o f  a com- 
p a r i s o n  s t i m u l u s  u n t i l  t h e  s u b j e c t ' s  r e s p o n s e s  i n d i c a t e  tha t  
it i s  s u b j e c t i v e l y   e q u a l  t o  some s t anda rd   s t imu lus .  This  
computer program used a paired-comparison paradigm i n  
p r e s e n t i n g  the  s t a n d a r d  s t i m u l u s  a t  some f i x e d  l e v e l  a n d  
t h e  comparison  st imulus a t  a v a r i a b l e   l e v e l .  The p r e s e n t a t i o n  
o r d e r  ( i . e . ,  whether the  s t anda rd  i s  p resen ted  f i rs t  o r  
second i n  t he  p a i r )  i s  randomized t o  c o u n t e r b a l a n c e  f o r  
var ious  order e r r o r s .  The s u b j e c t  i n d i c a t e s  which of the  
two sounds i s  t h e  n o i s i e r  a n d  t h e  computer  adjusts  t h e  
l e v e l  o f  t h e  comparison s t imulus for  i t s  n e x t  p r e s e n t a t i o n  
depending on t h e  sub jec t ' s   r e sponse .   Thus ,  t h i s  procedure 
p re se rves  t h e  advantages of t h e  paired comparison technique 
whi le  u t i l i z i n g  the  speed and convenience of the adjustment  
procedure.  
As PEST was used i n  these expe r imen t s ,  f i ve  PEST runs 
were in te rmingled  s o  t ha t  t h e  s i g n a l s  were presen ted  
randomly  against  t h e  s t a n d a r d .  T h i s  t echnique  was employed 
s o  t h a t  s i g n a l s  o f  d i f f e r e n t  d u r a t i o n  w o u l d  o c c u r  w i t h i n  t h e  
same t e s t  sess ion  and  subjec ts  would  b e  encouraged not t o  
respond  simply  on t h e  basis  of  peak l e v e l .  The maximum 
p r e s e n t a t i o n  l e v e l s  f o r  a l l  s t i m u l i  were de te rmined  p r io r  
t o  t h e  ac tua l   expe r imen ta t ion .  A t  t h e  beginning  of   each 
s e t  of f ive  compar ison  s t imul i  and  s tandard  s t imulus ,  t h e  
e x p e r i m e n t e r  e n t e r e d  i n t o  t h e  computer t h e  corresponding 
maximum l e v e l s .  The t e s t  commenced w i t h  t h e  p r e s e n t a t i o n  
of t h e  f i r s t  p a i r  o f  s t i m u l i .  On t h e  basis  of  t h e  s u b j e c t ' s  
response as t o  which was t h e  more annoying, t h e  computer 
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a d j u s t e d  t h e  l e v e l  of the  compar ison  s igna l  by va ry ing  s t ep  
s i z e s .  The e x a c t  way i n  which the  computer s e l e c t s  t h e  s t e p  
s i z e  f o r  a d j u s t m e n t  of the  compar ison  s igna l  i s  as fo l lows:  
1) On e v e r y  r e v e r s a l  of  s t ep  d i r e c t i o n ,  h a l v e  t h e  
s tep  s i z e .  
2) The second s t ep  i n  a g i v e n  d i r e c t i o n ,  if c a l l e d  
f o r ,  i s  the  same s i z e  as the  f irst .  
3 )  Whether a t h i r d  s u c c e s s i v e  s t e p  i n  a g i v e n  d i r e c t i o n  
i s  the same as or  double  t he  second  depends  on  the 
sequence of steps l e a d i n g  t o  t h e  mos t  r ecen t  r eve r sa l .  
If the  s t e p  immediately p reced ing  tha t  r e v e r s a l  r e s u l t e d  
from a d o u b l i n g ,  t h e n  t h e  t h i r d  s t ep  i s  not  doubled;  
whi le  i f  t h e  s t ep  l e a d i n g  t o  t h e  mos t  r ecen t  r eve r sa l  
was no t  t h e  r e s u l t  o f  a doubl ing  then  t h i s  t h i r d  s t e p  
is double  t he  second.  
4 )  The four th   and   subsequent  s teps  i n  a g i v e n  d i r e c t i o n  
are  each  double t h e i r  p redecesso r  ( excep t  t ha t  large 
s teps  may b e  d i s t u r b i n g  t o  a human observer and an 
upper  limit on permissible  s tep  s i z e  o f  1 2  dB i s  main- 
t a i n e d .  
After a degree of  c o n s i s t e n c y  i n  a s u b j e c t ' s  r e s p o n s e s  i s  
a t t a i n e d  in agreement w i t h  a preset c r i t e r i a ,  t h e  computer 
t e rmina te s  the  run and records t h e  new a b s o l u t e  l e v e l s  o f  
the comparison s ignal  and t h e  r e l a t i v e  l e v e l s  o f  t h e  compar- 
i s o n  t o  t h e  s t a n d a r d  f o r  th ree  measurement  schemes  such as 
A-level,  PNL and EPNL. 
The comple t e  h i s to ry  of  the o r d e r  of p r e s e n t a t i o n  of 
t he  s i g n a l s  i s  p r i n t e d  a f te r  a l l  the runs  have  te rmina ted .  
I n  a d d i t i o n  the computer records t h e  de t a i l s  of  each t r i a l  
i n c l u d i n g :  
1) Whethe r   t he   s t anda rd   s igna l  was p resen ted  f i rs t  
o r  s econd ;  
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2) t he  sub jec t ' s   r e sponse ;   and ,  
3) whether t he  l e v e l  of the  compar i son  s igna l  i nc reases  
o r  decreases  when next  presented .  
The experimenter  a t  a l l  times had t h e  o p t i o n  of d e t e r -  
mining the  number of s t i m u l i  t o  be p r e s e n t e d  t o  the  s u b j e c t  
dur ing  a tes t  s e s s i o n ,  r a n g i n g  f r o m  o n e  t o  f i v e  d i f f e r e n t  
s i g n a l s .  The computer was programmed t o  a l l o w  him t o .  
s p e c i f y  the  maximum leve l s  o f  the  s t i m u l i  i n  terms of three 
measures  such as A-level,  PNL, and EPNL as wel l  as t h e  i n i -  
tial l e v e l s  of p r e s e n t a t i o n  of  the  s t anda rd  and  comparison 
s i g n a l s .  The expe r imen te r   a l so  had t h e  choice  of   changing 
o t h e r  parameters such as t h e  maximum number of t r i a l s  t o  
b e  a l l o c a t e d  f o r  e a c h  s t i m u l u s  r u n ,  t he  s t e p  s i z e  of  t he  
f i n a l  i n c r e m e n t  i n  t h e  compar i son  s igna l  l eve l ,  t he  r eg ion  
o f  i n t e r e s t  o f  t h e  psychometric function, and the degree 
of confidence i n  t h e  s u b j e c t ' s  r e s p o n s e s .  
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APPENDIX D 
INSTRUCTIONS USED FOR JUDGMENT TESTS 
INSTRUCTIONS 
The purpose of  t h i s  t e s t  i s  t o  gather informat ion  about  t h e  
r e l a t i v e  n o i s i n e s s  of various  sounds.   The t e s t  i s  p a r t  o f  a 
p r o g r a m  o f  r e s e a r c h  d e s i g n e d  t o  o b t a i n  i n f o r m a t i o n  t h a t  w i l l  be 
of  a id  i n  t h e  p l a n n i n g  of  a i r p o r t s ,  a i r p l a n e s ,  a n d  f o r  n o i s e  
c o n t r o l  p u r p o s e s  i n  g e n e r a l .  
The computer will p r e s e n t  a Series o f  p a i r s  of  sounds.  
After each  pa i r  o f  sounds  i s  p r e s e n t e d ,  y o u r  t a s k  i s  t o  decide 
which of t h e  two  sounds, t h e  f i r s t  or t h e  second, i s  t h e  more 
noisy.   Regardless   of  how you  have   prev ious ly   def ined   no isy ,  
by noisy,  we mean t h a t  sound  which i s  t h e  more annoying, unaccept- 
abl-jectionable and disturbing i f  h e a r d  i n  y o u r  home d u r i n g  
t h e  day  and  night .   Pick t h a t  sound  which  you would less l i k e  
t o  have i n  y o u r  home, even though you might not want either of 
them. 
-
The computer varies t h e  c h a r a c t e r i s t i c s  o f  t h e  two sounds 
i n  e a c h  p a i r  o n  e a c h  t r i a l .  If you t h i n k  t h e  f i r s t  sound  of 
a p a i r  i s  t h e  more noisy ,  push  but ton  1 on t h e  meta l  response  
box. If you   t h ink  t h e  second  sound i s  t h e  more no i sy ,   p re s s  
t h e  b u t t o n  l a b e l e d  2.  It i s  more impor t an t   t ha t   you   j udge   each  
pair  of  sounds on i t s  own merits r e g a r d l e s s  o f  a n y  s i m i l a r i t i e s  
o r  d i f f e rences  you  may hea r  among success ive  pa i r s  o f  sounds .  
T h e r e  a r e  n o  r i g h t  o r  wrong answers.  We a r e  i n t e r e s t e d  o n l y  
i n  how n o i s y  o r  unacceptab le  t h e  sounds seem t o  you. 
The r e sponse  bu t tons  w i l l  l i g h t  up when t h e  computer has 
been  informed  of  your  decision. The computer w i l l  w a i t  f o r  
you t o  r e a c h  a dec i s ion  abou t  each  pa i r  o f  sounds  be fo re  it 
will p r e s e n t  t h e  n e x t  p a i r  o f  sounds .   Therefore ,   you   cont ro l  
t h e  pace  of  t h e  e x p e r i m e n t  d i r e c t l y .  The  more quickly  you 
decide which sound was  more n o i s y  t h e  more q u i c k l y  t h e  expe r i -  
ment w i l l  end. Most p e o p l e  f i n d  t h a t  t h e y  c a n  make good 
decis i .one within a second o r  two a f t e r  h e a r i n g  t h e  s e c o n d  s o u n d  
of  a p a i r .  
The START b u t t o n  commands t h e  computer t o  p r e s e n t  t h e  f i r s t  
pa i r   o f   sounds .  I w i l l  t e l l  you when t o  push START. If you 
push t h e  STOP b u t t o n  t h e  computer w i l l  i n t e r r u p t  t h e  t e s t  se r ies .  
There should be no  o rd ina ry  r eason  f o r  p u s h i n g  t h e  STOP b u t t o n  
d u r i n g  a ser ies  o f  t r i a l s .  If you do have a r eason  f o r  pushing 
STOP, p l e a s e  t e l l  me before pushing START aga in .  I w i l l  t e l l  
you when a series o f  t r i a l s  has ended. 
I n  summary, s e l e c t  t h e  sound ( t h e  f irst  o r  t he  second)  
which,  you f e e l  i s  t h e  more noisy ,  unacceptab le ,  o r  d i s t u r b i n g .  
Remember t o  l i s t e n  c a r e f u l l y  t o  each p a i r  o f  s o u n d s ,  a n d  t o  
b a s e  y o u r  d e c i s i o n  s o l e l y  upon t h e  c u r r e n t  p a i r .  If you  have 
a n y  q u e s t i o n s ,  p l e a s e  f e e l  f r e e  t o  d i s c u s s  them w i t h  me a t   t h e  
end of a t e s t  series. 
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RESULTS O F  THE  JUDGINENT TESTS 
TABLE E-I 
RESULTS OF TEST I 
L e v e l s  o f  C o m p a r i s o n  J u d g e d  E q u a l l y  N o i s y  t o  S t a n d a r d  
Rel. 
Comp . A l t i t u d e  
Comp. ( I n  f e e t )  D u r a t i o n '   L e v e l 2  OASPL AL PNL  PNLT  EPNL  PNLTR PN TSlD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
1 2  
1 3  
1 4  
1 5  
16  
17  
1 8  
STD 
250 
250 
250 
400 
800 
800 
800 
800 
800 
2000 
2000 
2000 
250 
800 
2000 
500 
600 
1850 
800 
5 . 5  
8 .0  
8 . 5  
7 .0  
1 0 . 5  
9 . 5  
1 2 . 5  
1 0 . 5  
8 . 5  
1 9 . 5  
1 6 . 5  
19 .0  
5 .5  
11 .0  
1 7 . 5  
7 . 5  
8 .0  
1 4 . 0  
1 0 . 5  
- 3.0  
-10 .5  
- 7 .5  
- 0 . 5  
- 3 . 3  
-11 .0  
- 9 . 5  
- 6 . 0  
- 9 . 5  
- 2 .5  
- 7 .5  
- 5 . 0  
- 3 . 5  
- 4 . 5  
- 5 .5  
- 7 .5  
- 7 . 5  
- 6.0 
0 .o 
90 .o 
8 4 . 5  
87 .5  
9 1 . 5  
91 .0  
84 .0  
8 5 . 5  
89 . o  
85.5 
9 1 . 5  
8 7 . 5  
89 . O  
9 0 . 5  
8 9 . 5  
8 9 . 5  
85 .5  
83 .5  
87 .0  
92 .0  
82.0 9 5 . 5  
7 8 . 5  9 3 . 5  
8 1 . 5  97 .0  
8 3 . 5  96 .0  
83 .0  9 5 . 0  
77 .0  92 .0  
7 9 . 5   9 4 . 0  
82 .0  94..0 
79 .5  9 4 . 0  
8 2 . 5  95 .0  
7 9 . 5  9 3 . 0  
82 .0  93 .5  
82 .5  96 .5  
82 .5  93 .5  
81 .5  9 3 . 0  
81 .5  9 6 . 0  
83 .5  9 6 . 5  
83 .0  9 7 . 5  
98 .0  
99 .o 
1 0 2 . 5  
1 0 0 . 0  
99 .5  
96 .0  
99 .O 
97.0  
99 .0  
9 7 . 5  
96 .O 
96 .5  
102 .0  
9 8 . 0  
9 3 . 5  
9 7 . 5  
102 .0  
1 0 2 . 5  
9 2 . 5  
9 6 . 5  
99 .5  
94 .0  
95  .O  
94.5 
9 6 . 5  
9 3 . 5  
97 .0  
9 6 . 5  
9 6 . 5  
9 5 . 5  
95 .0  
94 .0  
9 3 . 5  
92 .0  
9 5 . 5  
97 .5  
93 .5  
9 4 . 5  
98 .0  
9 6 . 0  
97 .5  
94 .0  
96 .5  
95  - 0  
97 .0  
9 7 . 5  
9 5 . 5  
9 6 . 0  
9 7 . 0  
96 .0  
9 3 . 5  
9 4 . 5  
99 .O 
1 0 2 . 5  
84 .0   96 .0   100 .5   96 .   8 5
96 . O  
9 7 . 5  
1 0 1 . 0  
98 .0  
9 8 . 5  
95 .0  
98 .o 
96.0  
9 7 . 5  
98 .0  
96 .o 
9 6   - 5  
99 .0  
9 7 . 0  
9 4 . 5  
9 6 . 0  
1 0 0 . 5  
'101.0 
9 9 . 5  
_____ ______ ~~ 
1. D u r a t i o n  I s  t h e  amount of time i n  s e c o n d s  t h e  s i g n a l  I s  w i t h i n   1 0  dB of maximum l e v e l .  
2 .   R e l a t i v e   C o m p a r i s o n   L e v e l  - c o m p a r i s o n   g a i n   j u d g e d   e q u a l i t y   i n  dB re  s t a n d a r d   g a i n .  
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TABLE E- I1  
RESULTS OF TEST I1 
L e v e l s  of C o m p a r i s o n  J u d g e d  E q u a l l y  N o i s y  t o  S t a n d a r d  
Rel. 
A l t i t u d e  Comp . 
Comp. ( i n  f ee t )  Dura t ion '   Leve l '  OASPL AL  PNL  PNLT EPNL  PNLTR PNL!T5,r 
- __ - - ~~ ~ ~~ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
12 
1 3  
1 4  
1 5  
1 6  
1 7  
18  
19 
20  
STD 
250 
250 
250 
250 
250 
800 
800 
800 
800 
800 
2000 
2000 
2000 
2000 
2000 
500 
"- 
_" 
"_ 
"- 
8 0 0  
6 . 5  
6 .0  
5.0 
5 . 0  
5 . 5  
1 3 . 0  
1 3 . 0  
7 . 5  
9 . 5  
1 1 . 5  
21 .5  
2 1 . 0  
18.0 
21 .0  
1 9 . 5  
7 . 5  
7 .0  
5 . 5  
8 . 5  
8 .0  
11.0 
1 . 5  
6 . 0  
0.0 
- 4.5 
- 3 .0  
0 .0  
- 1.0 
- 6.0 
- 4 .0  
- 4 .0  
- 2 . 0  
- 4 . 0  
- 5.0 
- 4.5 
- 3.0 
-10 .5  
- 4 . 5  
-14 .5  
- 3 . 5  
- 1 1 . 5  
0 .o 
9 3 . 5  
9 9  .o 
95 .0  
8 7 . 5  
go .o 
93 .0  
93.0 
9 1 . 0  
89 . O  
89 .O  
9 1 . 0  
9 0 . 0  
90 . O  
8 8 . 5  
9 1 . 0  
8 2 . 5  
86.5 
8 0 . 5  
8 4 . 5  
78 .5  
91.0 
85 .5  
83.0 
88.0 
8 6 . 5  
83 .0  
85.0 
81 .0  
85  . O  
85  . O  
81 .0  
82.0 
81 .0  
83 .0  
8 0 . 5  
82 .0  
81.5 
8 6 . 5  
8 1 . 5  
8 4 . 5  
7 8 . 5  
8 2 . 0  
98.0 
98 .5  
97 .5  
9 3 . 5  
96 .5  
97 .5  
9 5 . 0  
9 5 . 5  
9 5 . 0  
9 4 . 5  
95.0 
94.0 
9 5 . 0  
9 2 . 5  
94 .5  
95 .0  
92 .o 
8 8 . 5  
9 1 . 5  
83 . O  
9 6 . 5  
99 .o 
102.0 
99 .5  
9 9 . 5  
9 9 . 5  
98  .o 
98.0 
9 8 . 5  
100 .o 
9 8 . 5  
9 5 . 5  
9 5 . 0  
9 8 . 0  
9 4 . 5  
9 7 . 0  
9 6 . 0  
9 3 . 0  
93.0 
9 3 . 0  
8 9 . 5  
LOO. 5 
93 .0  
9 4 . 5  
92.0 
9 1 . 5  
93 .5  
9 5 . 5  
9 4 . 0  
9 3 . 5  
9 6 . 0  
94 .0  
9 4 . 5  
9 5 . 5  
9 6 . 0  
95 .0  
95 .5  
91 .0  
88.0 
8 6 . 5  
8 8 . 5  
85 .O 
9 6 . 5  
94 .0  
97 .0  
9 4 . 5  
94.5 
9 4 . 5  
96 .0  
9 6 . 0  
9 6 . 5  
9 8 . 0  
9 6 . 0  
95 .0  
9 4 . 5  
9 8 . 0  
9 4 . 5  
96 .5  
9 2 . 5  
3 "- 
-" 
-" 
-" 
9 8 . 5  
97 .0  
9 9 . 5  
97 .0  
9 6 . 5  
97 .O 
9 7 . 5  
9 7 . 5  
97 .0  
99 .o 
9 7 . 5  
96 .O 
9 5 . 5  
9 8 . 5  
9 5 . 5  
9 7 . 5  
94 .0  
9 1 . 5  
91.0 
9 1 . 5  
ea.0 
9.3.5 
1. D u r a t i o n  is t h e  amount of  t i m e   i n   s e c o n d s  t h e  s i g n a l  i s  w i t h i n  10  dB of  maximum l e v e l .  
2 .  R e l a t i v e   C o m p a r i s o n   L e v e l  - c o m p a r i s o n   g a i n   j u d g e d   e q u a l i t y   i n  dB re s t a n d a r d   g a i n .  
3 .   D o p p l e r   C o r r e c t i o n  ( R )  n o t   a p p l i c a b l e   t o   s t i m u l i   1 7 - 2 0 .  
37 
REFERENCES 
1. Ollerhead, J . B . ,  "Subjec t ive   Evalua t ion  of General  
A i rc ra f t  No i se , "  Wyle Labora to r i e s ,  Con t rac t  No. 
FA67WA-1731, Federa l  Avia t ion  Adminis t ra t ion  Technica l  
Report No. 68-35,  1967. 
2 .  Nixon, C . W . ,  von Gierke, H.E. ,  and  Rosinger, G . ,  
"Comparative  Annoyances  of  'Approaching' versus  'Receding'  
Sound Sources ,"  J .  Acoust, SOC. A m . ,  5, 330, 1969. 
3 .  Kryter ,  K . D . ,  " P o s s i b l e   M o d i f i c a t i o n s   t o  the Ca lcu la t ion  
of Perceived Noisiness ,"  Nat ional  Aeronaut ics  and Space 
Adminis t ra t ion ,  N A S A  CR-1636, 1970.  
4.  In te rna t iona l   S tandard   Organiza t ion ,   "S tandard   Reference  
Zero f o r  t h e  Ca l ib ra t ion  o f  Pure-Tone Audiometers , ' I  
IS0 Recommendation R-389. 
5. Taylor, M . M . ,  and  Creelman, C.D. , "PEST: E f f i c i e n t  
Estimates on Probabi l i ty  Funct ions  , I '  J .  Acoust . SOC. 
&, 41, 782-787, 1967 .  
6 .  S p e r r y ,  William C . ,  "Ai rcraf t   Noise   Evalua t ion ,  '' 
Federa l  Avia t ion  Adminis t ra t ion  Report  No. FAA-NO- 
68-34, 1968. 
38 
1 1 1 1  1 1 1 1  
"Approaching" 
d 
I I I 1 I I I I I I I . I I I  1 1 1 1  
5 
." ~ 
1 0  15 20 
Time In seconds 
"Receding" 
F I G U R E  1 .  T I M E   H I S T O R I E S   O F   S T I M U L I   E M P L O Y E D  IN 
I N V E S T I G A T I O N   O F   A P P R O A C H I N G   A N D  
R E C E D I N G   S O U N D  ( R e f  2 )  
39 
Digital 
Computer 
Digital to 
Fl lhr  Convortor 
Low 
Anakg - pan - 
Matar 
To 
Drivo 
a )  DOPPLER  SHIFT  GENERATING  APPARATUS 
Computer 
To Analog 
Digital 
Converter 
v 
" - Y 
Tape 
Recorder Recorder 
Tape - c- 
b)  A M P L I T U D E   S H A P I N G   A P P A R A T U S  
I 
Noise 1/3 Octave 
Generator Lcg,  Conv. Fllter 
Linear to 
Tape 
Recorder Mixer 
Tape 
Racordw 
c )  F I N A L   M I X I N G   A N D   A M P L I T U D E   M O D U L A T I O N  APPARA 
FIGURE 2 .  BLOCK  DIAGRAM  OF  STIMULUS P R E P A R A T  
FOR JUDGMENT T E S T S  
us 
O N   E Q U I P M E N T  
h 
1400 
1300 
1200 
1100 
I 
c 
x 
0 
Q) 
.- 
$ 1000 
3 
t 
?. 
0 900 
T I  
0 
800 
700 
600 
Velocity = 200 mph 
Source Frequency = loo0 Hz 
-15 -1 0 -5 0 5 10 15 
T h e   i n  Seconds Relatlve to Time The Aircraft Passes Overhead 
F I G U R E  3 .  D O P P L E R   P A T T E R N   F O R   V A R I O U S   A L T I T U D E S  
41 
Multi - 
Channel 
Tape 
Cartridge 
Recorder 
* - PARAMET 
a 
ER - ESTIMATION BY 
- SEQUENTAL - TESTING 
F I G U R E  4 .  SYSTEM FOR J U D G M E N T  T E S T S  
I 
DOPPLER TEST I COMP. NO. 
R e a  I ist  ic 1 ,  4, 5, 10 
Approach-Hover 2, 6 ,  1 1  
Hover-Recede 
Unrealistic 9 
105 
Real-Life 0 16, 17, 18 
None 0 13, 14, 15 
PN LT 
100 
z 
C 
I- 
A 
.- 
Z 
Q 95 
90 
I L 
105 ~ ~~ ~ ~~ 
E P N L  
100 - 
Z Q- 
n . . . 
C .- 
A 
Z 
n 
95 
90 - 1  . . I  I I I I l l  I 
200 400 600 800 1000 2000 4 
Altitude in feet 
F I G U R E  5 .  RESULTS O F  TEST I IN  T E R M S  O F  P N L T  A N D  E P N L  
S t i m u l i  J u d g e d   E q u a l l y   N o i s y  t o  S i m u l a t e d   F l y o v e r  
a t  8 0 0   f t .   A l t i t u d e  
43 
1 05 
m 100 
Z 
U 
a 
C 
I- 
J 
.- 
z 95 
90 
1 00 
-0 95 
m 
Z 
a 
C 
J 
L 
" 
Z 
90 
85 
200 
PN LT 
DOPPLER TONE TESTS 
PATTER N FREQUENCY I I I  
Noise A I L  100 
300 
1000 
3000 v 
Real-Life 0 
0 
0 
E P N L  
~ ~ . ... 
0 
0 
400 600 800 1000 2000 4000 
Altitude in feet 
F I G U R E  6 .  RESULTS OF TEST 11 I N  TERMS OF P N L T   A N D  E P N L  
S t i m u l i  J u d g e d   E q u a l l y   N o i s y  t o  S i m u l a t e d   F l y o v e r  a t  
800 f t .   A l t i t u d e  
44 
I 1 OOO Hz Tone 
"Approaching" 
4 loo0  Hz Noise Band - 
b 1 oo0 Hz Tone 
"Receding" 
I b 1 OOO Hz Tone 
0 
-5 
-1 0 
-1 5 
U.L. 
FIGURE 7 .  R E S U L T S  USING S T I M U L I  S I M I L A R  TO THOSE OF N I X O N  E T .  A L .  ( R E F .  2 )  
S t t r n u l l   J u d g e d   E q u a l l y   N o i s y   t o   S i m u l a t e d   F l y o v e r   a t  800 f t .  A l t i t u d e  
DOPPLER TESTS 
PATTERN 
Dopp I er 
No Doppler 
105 - 
PNLT 
STD 
-0 
m 100 - 
Z 
n 
C v 
z 9 5 -  
.- 
I- 
d 
90 I I I I I I I l l  I 
% 100 z t 
.- C 
A STD 
Z n ’ v ” ”-” 0 
9 5 -  
””--”- 5m 07”” A 
V 
90 I I I I I I l l  I 
200 400 600 800 1000 2000 40 
Altitude in feet 
F I G U R E  8 .  RESULTS S H O W I N G  EFFECT OF DOPPLER  SHIFT I N  
T E R M S  OF P N L T  A N D   E P N L  
S t i m u l i   J u d g e d   E q u a l l y  N o i s y  t o   S i m u l a t e d   F l y o v e r  a t  
8 0 0  f t .  A l t i t u d e  
46 
I DOPPLER TONE TESTS PATTER N FREQUENCY I II 
105 
g 100 
E 
C .- 
E 
5 
g 95 
90 
Nolse D 
100 
300 
0 
0 
U - 0 I 
I v W 
t P  0 
0 
105 
P NLT .5/D 
0 0 iCI0 - A STD 
W 
- &  v 8 0 e3 95 
0 
90 I I 
200 400 600 800  1000 2000 40 
Altitude in feet 
F I G U R E  9. RESULTS S H O W I N G  EFFECT O F  D O P P L E R   C O R R E C T I O N  
A N D   M O D I F I E D   D U R A T I O N   C O R R E C T I O N  
S t i m u l i  J u d g e d   E q u a l l y   N o i s y  t o  S i m u l a t e d  F l y o v e r  
a t  8 0 0  f t .   A l t i t u d e  
47 
1 05 
m 2 100 
L 
C .- 
U 
d 
E 
"I 
W 
95 
DO PPL ER TONE TESTS 
PATTER N FREQUENCY I I I  
Noise D l l  
I 
100 
300 
lo00 
3000 . 
Real-Life 
3000 A I- o 
EPNLO. c. 
- 
I I V I I I l l  I 
200 400 600 800 1000  2000 4000 
Altitude in feet 
0 & 
D 
A 
F I G U R E  10.  R E S U L T S   H O W I N G   E F F E C T  OF O N S E T   C O R R E C T I O N  
S t i m u l i  J u d g e d   E q u a l l y   N o i s y  t o  S i m u l a t e d   F l y o v e r  
a t  800  f t .   A l t i t u d e  
. . 
1 
-0 
a 
C 
-I 
m l  
Z 
.- 
Z 
a 
W 
00 
I DOPPLER TONE TESTS PATTER N FREQUENCY I I I  
l l  Noise D 
E P N L  Real-Life o f I 100 300 1000 3000 'I 
3000 
05 
I- A 
I 
- 
0 
~~ 
4 0 95 - 
9 'I Am 0 
0 
0 
0 
200 400 600 800 1000 
Altitude in feet 
2000 4000 
F I G U R E  1 1 .  R E S U L T S  I N  TERMS OF E P N L  
S t i m u l i  J u d g e d   E q u a l l y   N o i s y  t o  
S i m u l a t e d  F l y o v e r  a t  800  f t .  
A l t i t u d e  
49 
90 
-0 
C 
m 85 
.- - aJ > 
-J 
aJ 
4 80 
75 
AL 
DOPPLER 
PATTERN 
1 
I- 
TONE 
FREQUENCY 
Noise 
100 
300 
1000 
3000 
Real-Life 
3000 
TESTS 
I I I  
0 I 
400 600 800 1000 
Altitude in feet 
2000 40 0 
F I G U R E  1 2 .  RESULTS I N  T E R M S  OF A - L E V E L  
S t i m u l i  J u d g e d   E q u a l l y   N o i s y  t o  
S i m u l a t e d   F l y o v e r  a t  8 0 0  f t .   A l t i t u d e  
50 
0 
NASA-Langley, 1971 - 4 CR-1779 
